Laboratory studies in patients with autosomal-dominant hypertension and brachydactyly showed increased sensitivity to sympathetic stimuli and severe abnormalities in baroreflex buffering. To further elucidate the mechanisms by which impaired baroreflex sensitivity could influence blood pressure (BP), we conducted autonomic testing under field conditions. We studied 17 hypertensive affected (13 to 48 years, BMI 22.7 ؎ 6.5 kg/m 2 , 160 ؎ 23/98 ؎ 15 mm Hg) and 12 normotensive non-affected (9 to 60 years, BMI 24.0 ؎ 4.7 kg/m 2 , 120 ؎ 16/70 ؎ 10 mm Hg) family members. Pulse intervals and finger BP were measured using the Portapres device. Valsalva ratio, the blood pressure overshoot during phase IV of the Valsalva manoeuver, the Ewing coefficient (RR30/15 ratio), and heart rate and BP variability were similar in affected and non-affected family members. Overall, baroreflex sensitivity calculated using the cross-
Introduction
Bilginturan et al 1 first described the syndrome of severe autosomal dominant hypertension and brachydactyly. 1 The gene responsible for the syndrome was mapped to chromosome 12 p. 2 Magnetic resonance tomography showed that all 15 affected family members tested had a left-sided loop of the posterior inferior cerebellar artery (PICA) impinging on the rostral ventrolateral medulla, compared to none of 11 non-affected family members. 3 Animal studies have shown that pulsatile compression of the rostral ventrolateral medulla increases blood pressure. The response may be mediated through alteration of afferent neurons travelling from baroreceptors to the spectral (BRSLF, BRSHF) and sequence techniques (BRS؉, BRS؊) was not different between the groups. However, in younger family members, BRS؉ was 12 ؎ 3.7 and 22 ؎ 13 msec/mm Hg in affected and in nonaffected family members, respectively. The decline in BRS with age and with increasing blood pressure was absent in affected family members. We conclude that autonomic reflex testing conducted under field conditions is not impaired in patients with monogenic hypertension and brachydactyly. However, noninvasive testing showed impaired baroreflex control of heart rate at a young age. The reduced BRS in young family members with moderate arterial hypertension may suggest that the impaired baroreflex function is not secondary to the hypertension but rather a primary abnormality, which aggravates the progression of hypertension.
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nucleus tractus solitarius or through direct activation of efferent sympathetic neurons. 4, 5 Neurovascular contact (NVC) may also induce or aggravate arterial hypertension in humans. 6, 7 In one case report in a patient with hypertension, neurosurgical decompression of the brain stem reduced blood pressure and sympathetic nerve traffic. 8 Recently, we conducted extensive pharmacological and physiological testing under laboratory conditions in five patients with monogenic hypertension and brachydactyly. Basal blood pressure was increased even during complete ganglionic blockade. However, sympathetic stimuli such as standing and cold pressor testing caused an excessive increase in blood pressure. The excessive response was due to impaired baroreflex buffering rather than increased sympathetic nerve traffic or increased vascular sensitivity. Furthermore, baroreflex control of heart rate and of vasopressin release were impaired. [9] [10] [11] The purpose of this study was to further elucidate the role of autonomic regulation and baroreflex function on the pathogenesis of monogenic hypertension and brachydactyly.
Methods

Subjects
We approached the family that was described by Bilginturan et al. 1 The family lives in a rural area of north-eastern Turkey. Studies were conducted at the patients' homes. Seventeen hypertensive affected (13 to 48 years, BMI 22.7 Ϯ 6.5 kg/m 2 , 160 Ϯ 23/98 Ϯ 15 mm Hg) and 12 normotensive non-affected (9 to 60 years, BMI 24.0 Ϯ 4.7 kg/m 2 , 120 Ϯ 16/70 Ϯ 10 mm Hg) family members agreed to participate. We compared the results of the field study to results obtained in five younger family members who were studied under laboratory conditions in the Clinical Research Center at Franz Volhard Clinic (three men, two women, 26 Ϯ 3.4 years, 57 Ϯ 4.0 kg, 152 Ϯ 2.4 cm). 11 Written informed consent was obtained prior to study entry. The institutional review board approved all studies and written, informed consent in the Turkish language was obtained.
Field study
Autonomic testing was conducted in the morning. Antihypertensive medications were discontinued at least five half-lives prior to testing. Pulse intervals and finger blood pressure were measured using the Portapres device (sample rate 100 Hz). Brachial arterial blood pressure was measured using an automated oscillometric device (Spacelabs, Redmond, WA, USA). After a baseline period in the supine position, the subjects stood up and recordings were continued for 5 min. The Ewing coefficient was calculated as the coefficient of the longest and shortest R-R interval immediately after standing up (RR30/15 ratio). The Valsalva manoeuver was performed by asking the patients to exhale into a mouthpiece fixed to a mercury manometer with standard sphygmomanometer tubing. They maintained a 40-mm Hg column for 15 sec. The heart rate (Valsalva ratio) and blood pressure responses (overshoot in phase IV) were analysed.
Laboratory study
Three days prior to study, volunteers received a 150-mMol sodium diet, free of substances which could interfere with catecholamine measurements. All vasoactive medications were discontinued at least five half-lives prior to testing. Heart rate was determined with continuous ECG, blood pressure by an indwelling catheter in the radial artery. ECG and blood pressure were sampled at a rate of 500 Hz and analysed off-line.
Baroreflex-sequence technique
The spontaneous baroreflex slope (BRS) was calculated as the slope of the linear regression lines between the systolic blood pressure and the subsequent R-R intervals (within the same or the next heart beat) values using the sequence technique. Sequences with at least three intervals, 0.5 mm Hg blood pressure changes, and 5 msec R-R interval changes were analysed only if the correlation coefficients were Ͼ0.85. BRS was calculated as the mean value of the significant slopes obtained.
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Baroreflex-cross spectral analysis
Power spectral analysis has provided useful information about the temporal fluctuations of different haemodynamic parameters (for example of heart rate variability), but does not reflect the relationship between different parameters. Measures like cross spectra are used to capture such inter-relationships. Therefore, we calculated the power spectra of systolic blood pressure and R-R interval time series (segment length 256 sec, number of points 1024, resolution 0.004 Hz) and the cross spectra using fast fourier transformation. Power spectral densities were calculated as mean values in the low (LF) and high frequency bands (HF) for the R-R interval and systolic blood pressure time series. The baroreflex gain was determined as mean value of the transfer function in the low and high frequency bands. BRS was considered significant if the coherence in the analysed frequency band was Ͼ0.8.
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Statistics
If not otherwise indicated, data are expressed as mean Ϯ s.d. Interindividual differences were compared by univariate analysis of variance (ANOVA) followed by the Bonferroni post-test. Linear regression analysis was used if indicated. A value for P Ͻ 0.05 was considered to be statistically significant.
Results
Clinical characteristics
Resting blood pressure was significantly higher in affected family members irrespective of which blood pressure measurement was used. The Portapres device systematically measured lower blood pressure values than the oscillometric device (Table 1) . Mean arterial pressure (MAP) was 116 Ϯ 18 mm Hg in affected family members and 87 Ϯ 11 mm Hg in non-affected family members (P Ͻ 0.001). The increase in MAP with age was accelerated in affected family members (Figure 1, top) . We stratified affected and non-affected family members by age in two groups. In the group that was less than or equal to 25 years of age, MAP was 77 Ϯ 5.2 in non-affected and 101 Ϯ 8.7 mm Hg in affected family members (P Ͻ 0.01). In the older group, MAP was 96 Ϯ 4.7 in non-affected and 127 Ϯ 9.0 mm Hg in affected family members (P Ͻ 0.01) (Figure 1, bottom) .
Resting heart rate was similar in affected and in nonaffected family members. Affected family members were of lower height and weight compared to the non-affected family members. Both groups were of similar age and body mass index. 
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Autonomic evaluation
Valsalva ratio, the blood pressure overshoot during phase IV of the Valsalva maneuver, the Ewing coefficient (RR 30/15 ratio), and BP changes with standing were similar in affected and non-affected family members ( Table 2) . Valsalva ratio and Ewing coefficient tended to decrease with age in both groups. Heart rate variability did not differ significantly between affected and non-affected family members. The calculated parameters in the time domain as well as the parameters in the frequency domain showed high inter-individual variability at supine rest (Table 3) . Variability of systolic blood pressure was similar in both groups ( Table 4 ). The result of heart rate and blood pressure variability analysis were similar in the field study and in the laboratory study. Baroreflex sensitivity determined using the sequence technique tended to be mildly reduced in affected family members. BRSϩ was 11 Ϯ 5 msec/mm Hg in affected family members and 16 Ϯ 12 in non-affected family members (NS). BRSϪ was 13 Ϯ 5 msec/mm Hg in affected and 16 Ϯ 9 msec/mm Hg in non-affected family members. BRSLF was 10 Ϯ 5 and 12 Ϯ 8 msec/mm Hg in affected and non-affected family members, respectively. BRSHF was 16 Ϯ 8 and 20 Ϯ 11 msec/mm Hg in Table 3 Heart rate variability analysis in the time and frequency domain presented as mean ± s.d. for the affected and non-affected family members. Group differences were not significant s.d., standard deviation; CV, coefficient of variation; LF, power spectral density in the low frequency band; HF, power spectral density in the high frequency band.
Figure 2
Baroreflex sensitivity calculated using the sequence technique for upslopes (BRS+) presented as mean ± s.e.m. for different age groups of affected and non-affected family members.
Significance of group differences was tested using two-way ANOVA (P Ͻ 0.05).
affected and in non-affected family members. Although, there was no overall difference in BRS, the effect of age and of blood pressure was clearly altered in affected family members. We stratified patients and controls according to age in groups of equal size. The younger group was less or equal 25 years old and the older group was older than 25 years. In the younger group, BRSϩ was 12 Ϯ 3.7 msec/mm Hg in affected (n ϭ 8) and 22 Ϯ 13 msec/mm Hg in non-affected (n ϭ 6) family members ( Figure 2 ). In contrast, BRS was similar in the affected (n ϭ 9) and non-affected subjects (n ϭ 6) in the older group. Similar results were obtained with an age cut off of 35 years. The other BRS indices showed the same tendency. There was a strong negative correlation between resting MAP and BRSϩ in non-affected family members. This correlation was absent in affected family members ( Figure 3 ).
Discussion
Our main finding was that monogenic hypertension and brachydactyly is associated with a reduction in BRS at a young age. Although blood pressure Figure 3 Baroreflex sensitivity calculated using the sequence technique for upslopes (BRS+) plotted against mean arterial pressure (MAP). In non-affected family members, BRS decreases with increasing MAP. This relationship is absent in affected family members.
increases profoundly with advancing age, BRS does not decrease further. In contrast, non-affected family members exhibit a normal decline in BRS with age and with increasing blood pressure. Heart rate variability was within the normal range even in patients with severe arterial hypertension. Moreover, the high and low frequency spectral components of heart rate variability did not show the age-related pattern found for baroreflex sensitivity. In contrast to our findings in this form of monogenic hypertension, parasympathetic modulation of heart rate is impaired in patients with essential hypertension.
14 It decreases further with increased severity of essential hypertension. Remarkably, several measures that reflect parasympathetic modulation of heart rate, such as Ewing coefficient, Valsalva ratio, and the HF component of heart rate variability, were similar in both groups. We were concerned that these unexpected findings were related to the use of the Portapres device to record blood pressure and heart rate. However, we were able to confirm the results in a smaller group of affected family members that was studied under carefully controlled laboratory conditions. Thus, raised blood pressure by itself does not cause a decrease in parasympathetic modulation of heart rate in the absence of co-factors that are present in patients with essential hypertension. Defining these factors may be important given the prognostic significance of heart rate variability and baroreflex sensitivity. Although LF components of heart rate and blood pressure variability do not allow to exactly quantify sympathetic tone, they increase with sympathetic stimulation. 15 We found that the LF components of heart rate and blood pressure variability were not increased in affected family members. These findings are consistent with our previous study which showed that resting blood pressure did not decrease excessively during infusion of the ganglionic blocker trimethaphan. Plasma catecholamines and 791 muscle sympathetic nerve activity were low normal. Thus, the contribution of the autonomic nervous system to resting blood pressure is not increased. 6, 17 In this regard, our patients resemble patients with secondary hypertension rather than patients with essential hypertension. 18 Although basal sympathetic tone was not increased, we found severe abnormalities in autonomic control of the circulation in the laboratory study. 11 In our previous study, blood pressure responses to sympathetic stimuli were excessive whereas the increase in muscle sympathetic nerve activity was moderate. This finding suggested that a smaller increase in sympathetic nerve traffic elicited a greater pressor response. Patients were extremely hypersensitive to the phenylephrine pressor response in the absence of ganglionic blockade. Vascular responses to phenylephrine were determined again in the absence of baroreflex mediated changes in sympathetic and in parasympathetic nerve traffic. 19 During ganglionic blockade, patients and control subjects had a similar response to phenylephrine. Hence, the hypersensitivity was due to impaired baroreflex buffering rather than vascular hypersensitivity. In addition to impaired baroreflex control of vascular tone, we found severely impaired baroreflex mediated vasopressin release and moderately impaired heart rate control. The impairment in BRS was also shown under field conditions. Because Valsalva ratio, Ewing coefficient, and HF component of heart rate variability were similar in affected and in non-affected family members, the decline in BRS is probably not related to dysfunction of efferent parasympathetic neurons. Moreover, the spontaneous baroreflex sensitivity seems to contain more information than heart rate variability alone despite the fact that it is thought to reflect mainly parasympathetic mediated heart rate control. One may speculate further that increased 'resting' blood pressure is not responsible for the decreased baroreflex sensitivity. There is evidence from animal experiments with inbred, hypertensive rabbits that a genetic reduction in baroreflex sensitivity is present early in life before the hypertension develops. 20 To what extent the neurovascular contact in the brain stem region may contribute to the found changes in 'resting' blood pressure and in baroreflex sensitivity remains not clear. Nevertheless, our data points to changes of central regulatory mechanisms. However, the large overlap in BRS between affected and nonaffected family members suggests that non-invasive techniques are of limited use to diagnose barorefleximpairment in patients with NVC.
We conclude that autonomic reflex testing or spectral analysis of heart rate and blood pressure conducted under field conditions does not distinguish between patients with brachydactyly and hypertension and non-affected family members. This observation confirms earlier studies suggesting an increase in basal blood pressure independently of autonomic nervous system activity. However,
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noninvasive testing showed impaired baroreflex control of heart rate at a young age. Similarly, in a previous study of five affected family members, baroreflex control of vascular tone and of vasopressin release were severely impaired. 11 The fact that BRS is reduced in young family members with moderate arterial hypertension, but does not decrease further with age and increasing blood pressure, may suggest that the impairment in baroreflex function is not secondary to the hypertension. Moreover, the reduction in BRS at a young age with normotensive blood pressure values may predispose to the accelerated increase in blood pressure with age.
